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Ergosteryl tetrahydropyranyl ether ( 1) reacts with dichlorocarbene and with dibromocarbene to give the 
5al6a adducts, for example, Sa, convertible to the 5a16a-methylene compound 3a. The ultraviolet spectrum 
of 2a indicated efficient conjugation of the cyclopropane ring with the adjacent double bond and this suggested 
that reduction with lithium aluminum hydride might proceed with participation of the 7,8 double bond. This 
expectation waa realized and the reduction product waa characterized aa having a 6,7 double bond and a 5a,8a- 
methylene bridge (sa).  

When this work was undertaken no previous study 
had been made in the steroid series of the interesting 
reaction of olefins with dihalocarbenes to give cyclo- 
propanes2 discovered by Doering and Hoff mann. 
However, three reports are now on record with results 
and conclusions which should be considered in con- 
nection with those to be presented. Knox, et aL14 
found that an isolated 5,6 double bond is inert to di- 
chlorocarbene but adds difluorocarbene to give a gem- 
difluorocyclopropane regarded as having the 5/3,6/3 
orientation. Of the arguments presented in support 
of this assignment, the strongest seems to be the ob- 
servation that in the n.m.r. spectrum the C-10 methyl 
group has a split signal attributed to coupling with a 
spatially close fluorine atom.5 The failure of the bulky 
dichlorocarbene to add to an isolated 5,6 double bond 
is thus attributed to shielding by the C-10 methyl 
group against /3 attack. The Syntex group4 found 
further that A33 steroid dienes add dichlorocarbene 
to the 3,4 position and assigned to the adducts the 
3a14a configuration. On the other hand A3,5-19-nor- 
steroids add dichlorocarbene a t  the 5,6 position to give 
cyclopropanes assigned the 5&6p orientation. How- 
ever, Font6 investigated the addition of dibromocarbene 
to 17/3-acetoxy-3-ethoxy-A3~b-estradiene, a 19-norsteroid 
and isolated (after hydrolysis to the 3-ketone) both 
the 5a,6a and the 5/3,6/3 adducts. Cookson and co- 
workers' assigned the a orientation to 2,3-dibromo- 
carbene adducts on the ground of the rule of rear 
a t  tack.8 

The preparation and characterization of 5,6 adducts 
was the particular aim of the present work. When the 
double bond of cholesterol proved to be resistant to 
dichloro- and dibromocarbene, attention was directed 
to ergosterol, the 5,6 double bond of which is known to 
be particularly r e a c t i ~ e . ~  Reaction of ergosteryl 
tetrahydropyranyl ether (1) with dibromocarbene gave 
in 40% yield a bromine-containing product which on 

(1) Dedicated to Professor Louis F. Fieser on the occasion of his 66th 
birthday for his distinguished contributions to teaching, research, and writing 
in organic Chemistry. 

(2) See review by W. E. Parham and E. E. Schweizer, Org. Reactions, 18, 
55 (1963). 

(3) W. von E. Doering and A. K. Hoffmann, J .  A m .  Chem. Soc., 76 ,  6162 
(1954). 
(4) L. H. Knox, E. V. Velarde, S. M. Berger. and D. H. Cuadriello, Chem. 

Ind. (London), 860 (1962); L. H. Knox, E. Velarde. S. Berger. D. Cuadriello, 
P. W. Landis. and A. D. Cross, J. A m .  Chem. SOC.,  86, 1851 (1963). 

(5) A. D. Cross and P. W. Landis, ibid. ,  84, 3784 (1962). 
(6) A. B. Font, BdE. aoc. chim. France, 419 (1964). 
(7) R. C. Cookson, D. P. G. Hamon, and J. Hudec, J .  Chem. SOC., 5782 

(1963). 
( 8 )  L. F. Fieaer and M. Fieser, "Steroids," Reinhold Publishing Corp., 

New York, N. Y., 1959, p. 14. 
(9) See ref. 8, pp. 112, 120. 
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hydrolysis1° and acetylation gave an acetate, m.p. 
169-170", having the composition of an ergosteryl 
acetate dibromomethylene adduct. An infrared band 
a t  10.3 p indicated the presence of the side-chain double 
bond" and the four-band ultraviolet spectrum charac- 
teristic of the homoannular diene system was missing. 
The ultraviolet spectrum shows moderate absorption 
a t  218 mp ( e  9000) indicative of a well-conjugated 
vinylcyclopropyl g r o ~ p i n g ' ~ * ' ~ ;  it is a t  a wave length 
much longer than that expected for an isolated double 
bond14 and shorter than for any conjugated steroidal 
diene.15 The n.m.r. spectrum shows vinylic hydrogens 
a t  T 4.8 (2H, side chain) and 4.6 (lH, C-6 or C-7). 
The product, therefore, must have one of the four vinyl- 
cyclopropyl structures, 2a-d. 

CH3 

1 

RO RO 

Za,X=Br Zb, X = Br 
3a ,X=H 3b,X-H 

HsC I H3C I 

RO "H 
2c,X=Br 2d,X=Br 
3c,X=H 3d,X=H 

Reduction of the adduct as the free alcohol 2 (R = H) 
by hydrogenation over W-2 Raney nickel was in- 
complete but a halogen-free product 3 was isolated in 
60-70% yield. The spectral properties of 3 indicate 
that the vinylcyclopropyl system and the side-chain 
double bond are preserved : ultraviolet absorption 

(10) C. W. Greenhalgh, H. B. Henbest, and E. R. Jones, J .  Chem. Soc. ,  

(11) J. H. Turnbull. D. H. Whiffen, and W. Wilson, Chem. Ind. (London), 
1190 (1951). 

626 (1950). 
(12) I. M. Klotz, J .  A m .  Chem. Soc., 66, 88 (1944). 
(13) J. W. Rowe, A. Melera, D. Arigoni, 0. Jeger, and L. Ruzicka, Helu.  

Chim. Acta, 40, 1 (1957). 
(14) P. Bladon, H. B. Henbest, and G. W. Wood, J .  Chem. Soc.,  2737 

(1952). 
(15) See ref. 8, p. 15. 
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Fixwe I.-A I;iwcr ~iiodcl of 2s. 

at. 227 mp ( e  64XIO); u.m.r. bands in the olefiiiic region 
ideiitical with those of 2. Of interest is the fact that a 
group of bands above T 9.5 expected for the cyclopropyl 
inethylerie prohoiis18 does not appear. The adjacent 
double boiid may have deshielded the cyclopropyl 
methyleiie prol.ons aud caused a downfield shift." 
If so, removal of the double boud from aoiijugatiou 
with the riiig, either by saturat.ion or boud migratioii, 
should result i n  appearatice of t,he high-field protons. 
With this objective, aiid for locatioii of t,he nuclear 
double bond, the ester 3 (R = Ae) was hydrogenated 
over 10% palladium oii carbon i n  ethyl acetate to 
saturate t.he double boiid iii the side chain arid to effect 
eit.her isoinerieat,ioti of a 7,s double boiid to a tetra- 
subslit,uted 8,14 double boiid (3a or 3b)'* or saturatiou 
of a 5,6 double boud (3c or 3d). The product of hydro- 
getiatioii was fouiid 1.0 be a 22,23-dihydro derivat.ive 
having no olcfiuii: prot,ons (n.m.r.) aiid to give positive 
tetraiiitro~iiet.haiic'~ aud Tortelli-Jaff62n color tests, 
indicat,iiig the presence of a tehsubsti tuted double 
bond. Therefore Z aiid the halogeii-free product 3 
are 5,6 adducts with a 7,s double bond. The same con- 
clusion was arrived at. by isomerization of the 7,8 
double boiid to the 8,14 positioii by the action of 
gaseous hydrogeii chloride.21 The product showed the 
expect,rd cydopropyl met.hyleiie protoii sigiials i n  the 
u.m.r. at. T 9.7. 

Coiiclusive evideiice for 5,0 addition was obtained by 
addiiig dibronioaarbeue to A.7-oholestadie~i-7-d-38- 
0 1 . ~ ~  The ult.raviolct spectrum of t.he dieiiol is identical 
wit,h that of ergosterol, arid the tetrabydropyranyl 
&her shows ouly one olefiiiic prot.oii ((2-6) i n  the n.m.r. 
which disappears 011 reaction with dibromoearbeoe. 
Dichlororarbeue, geiierated from chloroform or from 

m r m i a t r S . "  I ' ~ ~ ~ ~ ~ ~ ~ , ~  i+eaa i.td., ~ . ~ ~ d ~ ~ .  1059. I). 52. 
(16) I.. M. .larkman. ",\imlicationa of N.m.r. Spsotroneopy io Oraanie 

(17)  V. Geomian. .I. 1,'. Kerri", M. li. WolR. and F. F. Or in la .  J .  Am. 

(18) SPP ref. 8. I). 278. 
(19) A. wcmer. ik7., 4a, 4 : m  (inno). 
o n )  I. hi. ~ i e i i i , ~ ~ , n  mi 1'. s. spring. Biorkrm. J . .  44. 133 (1830). 
(211 Sw ret. 8. 18, 114. 
(22) I+rpm-d hy ihc proceclurea for CIIP mnverdon of cholesterol ta 

7 . , l ~ l , ~ , l , ~ , ~ l , ~ , l ~ " ~ ~ ~ , , l  I,,,, ,,Xi". litllilll" alllminllm ,IPlltPri,le tor reduction 
nf 7 - k ~ t e r l i d r d c r v I  ( ~ r c t a v  1 ,s  111. 38.78-clisl: I.. I:. I:;CXPI. M. Fie~er. and 
I<. 5.  Ciinkravnrli. .J.  A n i .  Ckrm. Sor.. 11. 2229 (llM9,: G. A. 1). Haale 
UIIIIII. R;",.J,,"P. . I . .  3s. 45.1 (1989). 

sodium t.richloroacet,ate, by thc proi:edurc: of I'icsor 
mid Saehs,z3 also adds 1.0 the .5,O douhlc hotid of 1 i i i  

the same steric SCIISC, siiive rcduvtivo rcmoval of the 
chloriiie at.onis from t.he adduct, gave a produi.1. identical 
wit,h that obbaincd from the dihromocarheiic addii~t . 

The next. problrm was t.hat of thc: s1i:moi~tirtiiistry of 
the 5,0 adduds. A due  1.0 a scheme for cst,ahlishmeiit 
of the configuratioti of addurts 2 and 3 was suggcstcd 
by their ult.raviolct spectra. As already tiolecl, t h e  
wave length and iiitensit,y of the hand at 218 inp for 2 
(arid that. at 227 mp for 3) reveal a great deal of iiitcra(-- 
tioii betweeii t,hc 7,s  double hotid and the rydopropane 
riiig.2' The degree of iiit,eractioti is dcpctidciit upoii 
the augiilar relatioiiship bet,weeii the plaiie of the cyclo- 
propane riiig and t.he plaiie of the double hotid; iiitcrac- 
tioii is at a maximum when the two planes are perpeii- 
dicular t,o one a i i ~ t . h e r . ~ ~  A I:ieser inodiP of the a 
adduct Za (Figure 1) shows a rigid geoinctiy for ring R 
wi1.h t,he cyclopropane riug hrld i n  a platie close to 
perpendicular with the plaiie of the 7,8 double boud. 
This relatioiiship is iiot distiiictive of the a adduct, 
Za, for it is showii as well iri a model of t,he 8 adduct 2b. 
I t  seemed desirable to test the suggested corrclatioti 
between ultraviolet spectrum and geometry of the 
vinylcydopropyl system by examining addurts of 
AZ,'- and A*~~-choIestadieiie. 

A2,'-Cholestadiene, prepared by dehydratioii of 
cholesterolz6 or from cholestauotie,n adds oiie dibromo- 
carberie species to give t,he 2n,3a adduct 4a.2R A3.C 
Cholestadieiie** under the Same coiidit,ioiis gave the 

A'*'- choleatadiene A4k-cholestadiene p* 

I., X =Br 
b , X = H  

5a, X =Br 
b,X-H 

3a,4a adduct 5a. The structures were determined 
easily from the presence in the n.m.r. spectrum of each 
adduct of absorption for only oiie olefiiiic protoii. 
Assigument of the rr configuration rests upon the known 
relationship between the orientation of a substituent in 
riiig A or B and the positioii of the 1i.m.r. signal for 
the G I 0  methyl By virtue of having a 
cis relationship a 8 substituent is expected to cause a 

(23) L. F. Fieser and I). H .  Saeha. J .  Ow. Chcm.. 99, 1113 (19641. 
(24) E. M.  Kosover and M. Ita. Pror. Ckcm. Soc.. 25 (19821. 
(25) L. F. Fiemr. J .  Ckcm. Bd., 40. 457 (1883). 
(28) E. L. Sksu and W. Ilargmann, J .  Ow. Ckcm.. 3. 166 (1838). 
(27) Following the procedure for the prepwstion of l?m-methyl-A'.~ 

aodrosladian-178-ol: B. Rerkoz. A. D. Croaa. M. E. Adsme. H. Carpio. and 
A. Rowera. ibid.. 18, 1878 (1863). 

(28) A by-prodaot ianlated from the reaction mixbae i8 oonsiclered. 
tentativdy. to he 8 oyeloliematriene on the l m d a  of ita elemental analsiis 
and n.m.r. and ultraviolet ~lpec~rs. 

- Br Br 
H 

(29) A. E. Sol,rl and M. J. a m e n .  J .  Am.  Ckrm. Sor.. 6S, 35136 (1911). 
(an) 0. siomp, JI.. ami 11. n. hiecsrreS. ;hid,, 81, n o o  ( iow).  
( S I )  J-C. J a e w ~ l y ,  .I-M. I . e h  and J. I.erisalle%. Rlrll. m c .  rkim.  Fro,wc. 

(82) I<. F. Zureher. Helu. Chim. A d o .  11. 1880 (1960). 
2444 ( I Q R I ) .  
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larger shift of the ii.m.r. sigiial for the C-10 methyl 
group than ail a suhstitue~it.~" Thc shift varies with 
the nature of the  Data for thc 2,3 and 
3,4 adducts, as well as for the correspoiiditig nicthyleiie 
compounds arid moiiohaloincthylciic compounds, arr 
listed in Table I. The moiiohalomethylciie roni- 

TABLE I 
POSITION OF THE N.M.R. SIGNAL OF THE C-Ill M&TIIYL (:ROUP 

c.p.a.* 

A'-Cholestene 6n 
2,3-\leth~.lene-A~--cholertene 62 
2,3-\1onoehh,mmethylene-A~-~h~,leste~e 62 
2 , 3 - ~ l a n r , h m m o m e t h ~ l ~ ~ ~ - A 4 - ~ ~ h ~ , l ~ s t ~ ~ ~  62 
2 ,3 - l~ i ch loromethy lc~~-A4-~h~~ l~s tene  62 
2 , 3 - D i h r ~ ~ m o m e t h y l e ~ ~ - A 4 - ~ h ~ l ~ s 1 ~ ~ ~  F2 
3,4~~ethylene-A6--l:holestene 53 
3,4~~.1onoehh,n,methyle"~-A~-~t~~,lest ene 58 
3,4 l ) iehl~ ,n ,methyle~~-A~-~h~, les tene  53 
3 , 4 D i b r n m o m e t h y l ~ ~ ~ - A ~ - e l ~ ~ ~ I ~ s l ~ ~ ~  53 

' Relative to tetramethyldime a t  0 e.p.s. 

pounds were preparcd by partial reductioii of the cor- 
respondiug dihalomethylerie adducts with W-2 Raiiey 
nickel or palladium oti carbon iii the prcseiice of alkali; 
their structures wcre established by 1i.m.r. (otic-proton 
absorption ceutered at T 6.6 for a proton oii the carbon 
carryirig the halogcu) atid further reductioii to the 
methylene compound, The fact that variation in the 
riature of the substituent (CH,, CCI,, CBr2) caused tio 
shift irt  the positioii of the C-10 methyl group signal 
strorigly favors assigiimeut of the a coiifiguratioii to the 
2,3 and 3,4 adduck. Similar evidctrcc could uot be 
used to estahlish the configuration of the 5,R adducts 
2 aiid 3 sirice the viuyloyclopropyl system in these 
adducts acts as a uuit aiid chaiigcs i n  the cyclopropane 
riiig affect the system as a whole atid coiisequeiitly 
affcct the positioii of thc C-10 mcthyl group signal 
whether the 5,R adduct is a or p. Neither adduct 4 nor 
adduct 5 exhibits i n  the ultraviolet aiiy absorption 
maximum above 210 mp. Aloreover, the u.m.r. 
spectra of 4b arid 5b show absorptioiis characteristic 
for cyclopropyl mct,hyleue protorrs at T 10.1 and 9.9, 
respectively. These spectral observatious iridicate a 
much smaller degree of conjugation betweeri the cyclo- 
propaiie riiig arid the neighboring double boiid. The 
flexibility of riiig A allows the cyclopropaiie ring to 
assume an orieiitatiou where the uoiiborided iiiteractioiis 
are least. llodcls show that in such an oriciitation 
the plarie of the cycloproparie riiig is far from 
perpeiidicular to the plane of the double boiid. 

The fiiidiug that iii the ergosterol 5,6 adducts the 
cyclopropaiie riug is held in au orieiitation such that 
interactiori with the double boiid is exteiisive suggested 
the possibility of utilizing participatiori by thc double 
bond in a reactioii on the cyclopropaiie riiig which 
might afford a product suitable for establishing the 
coiifiguratiou of the 5,G adducts. A reaction which 
seemed promisirig was reduction of the 5,fidibromo- 
methyleiie adduct 2 with lit,hium aluminum hydride. 
This reagerit usually effects complete reduction only of 
reactive halides such as allyl where the halo- 
gen is activated by a double bond. Receiitly, Storya' 

(33) N. G. Gsylord. "Reduetiona with Complex Metal Ilyclridea." Inter- 
aeience Publiahera. Ino.. N e w  York. N. Y.. 1956. D. 880. 

(34) P. R. Story. J .  Am. Chsm. Soc.. 88. 3347 (1961). 

Figure 2.--A Fieser mwld c t f  Oa. 

fouiid that 7-rhloroiiorhoriisdieiic (6) is redoccd by 
lithium aluinitiuin dcuteridc to a mixture of iiorhor- 
iiadicne 7 aiid the tricyclic hydrorarhoii 8, whivh 

6 1 

provides clear evidence of t,he participation of thc 
double bond during the reaction. 111 the hopcof simi- 
lar participatiori of the 7,8 double boiid a solutioii of the 
5,Adihromomcthylctie adduct, as the tetrahydropyratiyl 
ether, was stirred with lithium alumiiium hydride iii 

diethyl ether for 2 days. Chromatography as thc 
acctste afforded two halogen-frcc products. Our 
(So/,)  proved to be thc 5,ti-mcthyleiic vompouiid 3, 
and the other (9&95%) a stru~tural isoiiicr. This 
substaricc (9) shows no ultraviolct ahsorptioii iiiaxiriiutn 
above 210 mp. The u.ii1.r. spertrurii iiidiratcd thc 
abseiice of an isolated cydopropatic riiig hut showed 
a well-defined two-proton quartct in the okfiiiic rcgioti, 
7 4, aii A B  systcina5,26; addit,iorial splittiiig of the 
quartet is not evidciit. The pcaks arc sharp eiiough to 
exclude the prcsciicc of iiitcraetiiig protoiis oii carbons 
adjaeciit. to the utisatrrrated rarhoiis. Oiic way to ai!- 
couiit for this ohscrvatioti is to a~sume thc prcsciivc of 
fullysubstitutcd carbon atomsoii cachsidc of thc douhlc 
boiid, as i n  formula 9a or 9b (scc Sithcruc I). 

That the ring-13 double hoiid origiiially at 7,8 is, in 9, 
at thc 6,7 positioii was est,ahlishcd by cxperimeiit iii the 
7-dehydroi:holestcrol scrics with the 5,R-dihromocarbeiie 
adduct labclcd with deuterium at C-7. This was 
reduced to a product complctcly analogous to 9, which 
shows a oiie-proton sitiglet i t i  the olcfiiiic rcgioti, 7 4.0, 
indicative of an olrfiiiic protoii a t  C-6. 

Ihideiice for the (2.2.1 jhieyclo system was obtained 
as follows (only the 5a,6a, or a scrics is fortiiulatcd). 
The 22,23 double boiid was climiiiatcd hy hydrogrtia- 
tioii atid thc product was treated with lithiirtii aluminum 
hydride to give a rearraiigemciit prodiri.t aiialogous to 
Pa. The uiisaturatcd alcohol 11 mas coiivcrtcd to t,hc 
6,7-epoxide 12, which oii redwtioii gavc a tiiixtiirc of 
the two alcohols. 0xids.tioii gave the two dikcloiics, 
13 arid 14, which werc separated hy qhroniatography. 
Oue had iufrared bauds at  5.70 arid 5.80 p, thc 
(35) See ref. 16. P. 88. 
(36) The quartet ii ai80 ahorn  I,Y tile l i f l i i i im nhrninum ~ i ~ i i t v i i l o  (IC- 

halo~enation product of SI, an indication that no I I P I I ~ F T ~ O ~  tias I h ~ n  intro- 
duced at C-6 anti C-7. 
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RO 

SCHEME I 
HsC I 

2b - 
RO 

9b 

CHS 

& Br i- 
Br 

CHS 

- 
H RO 

2a, R = CsHpO 9a 

J 
22,234ihydro L~ALH( 

derivative 
10 HO 

H' 'H 
11 

HsC I 

H H  
12 

3 A 0 

H H  
i(0 

0 

H H  
13 14 

other a t  5.65 and 5.85 p.  The bands at  5.65 and 5.70 
p show the presence in each component of a carbonyl 
group in a five membered ring.37 

The evidence so far presented establishes the presence 
in 9 of a 5,g-methylene bridge, but the problem of the 
configuration of this bridge remained to be solved. 
The 5~~,6a-dibromomethylene adduct would give a 
5a18a-methylene bridge (sa), the 50,Sp adduct a 
5p,8p bridge (9b). The first indication of an CY con- 
figuration came from examination of the n.m.r. spec- 
trum. Two groups of bands were considered specifi- 
cally: a quartet attributed to the 6,7 double bond 
protons, and the angular methyl signals. Molecular 
models (Figure 2) demonstrate that  the different shield- 
ings experienced by the olefinic protons and the shifts 
observed for the C-13 methyl group resonance on 
hydrogenation of the 6,7 double bond are best explained 
by the 5al8a bridge configuration 9a. Examination of 
a model for the alternative configuration with a p 
bridge show that the double bond is a t  the back of the 
molecule and isolated from the other electronic centers 
and hence that the C-6 and C-7 olefinic protons would 
not have chemical shifts different enough to produce a 
quartet. Indeed the n.m.r. spectrum of 3a-acetoxy-AB- 
cholenate, a reasonable model compound, shows only 
one peak at  T 5.5 for the C-6 and C-7 protons. 

(37) L. J. Bellamy, "The Infrared Spectra of Complex Molecules,'' 
2nd Ed. ,  John Wiley and Sons, Inc., New York. N. Y., 1958, p. 148. 

Unequivocal chemical evidence of an CY bridge was 
arrived at  as follows. The 22,23-dihydro derivative 
of 9, as the tetrahydropyranyl ether 15, was ozonized38 
and the ozonide was decomposed to a diacid with hydro- 
gen peroxide. A solution of the diacid in methanol 

CHs 

RO 

15, R = CsHpO 

r@ COaCHs 

o-bo 
16 

was treated with a few drops of hydrochloric acid. 
Esterification with diazomethane and chromatography 
of the resulting mixture of methyl esters gave oily 
fractions which showed in the infrared carbonyl 
region two distinct bands. The band a t  5.65 p is a 
definite indication of a y-lactone group,39 as in 16. 
Formation of a y-lactone is possible only if the carboxyl 
group produced at  C-5 and the 3p-hydroxyl are on the 
same side of the molecule. Therefore, the starting olefin 
15 must have the 6,7 double bond in the same (p) 
orientation as the C-3 oxygen function. The 5,6-dihalo- 
methylene adducts of ergosterol are thus shown to be 
CY adducts.40 

Lithium aluminum hydride reduction of the 2a,3a- 
dibromomethylene adduct of A2v4-cholestadiene (4a) , and 
of the dichloromethylene derivative, gave no products 
of rearrangement. Reduction in this case was in- 
complete and the products isolated were the 2a,3a- 
methylene and 2~~,3~~-monohalomethylene derivatives. 
Reduction of the 5a,6a-dibromo- and dichlorometh- 
ylene adducts with lithium-t-butyl alcohol-tetrahy- 
drofuran or sodium in liquid ammonia was complete 
and gave a mixture of the 5a,ba-methylene derivative 
(90%) and the 5~~,8~~-methylene  derivative (8%). 

Experimenta141 
Ergosteryl Tetrahydropyranyl Ether ( 1 ) .-Dihydropyran ( 15 

ml., purified by distillation over potassium hydroxide pellets) waa 
added to a slurry of ergosterol (25 g., Matheson Coleman and 

(38) J. W. Cornforth, G. D. Hunter, and G. Popjak, Biochem. J . .  64, 

(39) See ref. 37, p. 186. 
(40) The apparent variance of these results with those obtained by Knox, 

el  at., is explainable if the mechanism of addition of carbenes to double bonds 
be considered to pass through charged intermediates where one new carbon- 
carbon bond ia formed first [P. s. Skell and A. Garner, J .  A m .  Chem. Soc., 
78, 3409 (1958)l. In the caae of addition to the 5.8 double bond of a AB 
or a Ab6 steroid, maximum orbital overlap is achieved when the bond gen- 
erated is 86 axial (see Knox. Velarde, Berger, Cuadriello, Landis. and 
Cross, ref. 4,  footnotes 27 and 28) and the positive charge a t  C-5 is stabilized 
by virtue of being tertiary in one case and both tertiary and allylic in the 
other. The end product is then the 5(3,8,9 adduct. In  the case of Ab'- 
dienes, the corresponding intermediate would have a 50 axial carhon- 
carbon bond and a stabilized allylic carbonium ion a t  C-8. 

(41) Infrared spectra were recorded, in the solid phase (KBr),  on a Perkin- 
Elmer Model 21 spectrophotometer, and, in Nujol or neat, on a Perkin- 
Elmer Model 137 Infracord spectrophotometer. Ultraviolet spectra were 

595 (1953). 
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Bell) in dichloromethane (100 ml.) and followed by dropwise 
addition of phosphorus oxychloride (0.2 ml.). The mixture was 
frequently agitated and cooled to keep its temperature below 35". 
In a few minutes the solid dissolved completely to a yellow-green 
solution. The solution was allowed to cool to room temperature, 
then transferred to a separatory funnel, diluted with diethyl ether 
(400 ml.), and washed twice with 5% sodium bicarbonate and 
once with saturated sodium chloride solution. The light orange 
organic layer was dried over anhydrous sodium sulfate and 
evaporated under reduced pressure. The solid residue was 
triturated with cold acetone (30 ml.), filtered, and washed with 
more acetone to give a white crystalline solid (22 g.); m.p. 150- 
155"; QD -75"; Xc~elohexsne 295, 283 ( e  11,500), 270, and 264 mp; 
U K B ~  8.8, 9.0 (ether),42 and no hydroxyl band around 2.8 p ;  
T 6.4 (3H, protons on carbon joined to oxygen by a single bond), 
and 5.2 ( l H ,  proton on carbon joined to two oxygens). The 
product was used in the subsequent reactions without further 
purification. Attempts to recrystallize it resulted in partial 
hydrolysis to the alcohol. The acetone-washed ether was found 
to be satisfactory. 

Concentrated hydrochloric acid (0.1 ml.) was added to a sus- 
pension of the tetrahydropyranyl ether (1 g.) in 95% ethanol 
(30 ml.). Heating the mixture on the steam bath gave a clear 
solution from which ergosterol was obtained by cooling. 

Sa ,6a-Dibromomethylene-A7~22-ergostadien-3p-ol Tetrahydro- 
pyranyl Ether (2a).-Ergosteryl tetrahydropyranyl ether (10 g.)  
was dissolved in n-pentane (500 ml.) and the solution was fil- 
tered to remove the suspended ergosterol. To the clear solution, 
a t  0-25", was added potassium t-butoxide (10 g.), the mixture 
was stirred, and bromoform (10 g. in 30 ml. of n-pentane) was 
introduced (dropwise) over a period of 30 min.3 The brown 
reaction mixture was stirred for 2 hr. and filtered through a 
sintered-glass funnel containing alumina, and the filtrate was 
evaporated to a light brown semisolid. The residue was treated 
with cold diethyl ether and recrystallized from isopropyl ether to 
give 4.0 g. of short feathery needles; m.p. 143-146"; CYD + 12'; Xcyc'ohexane 218 mp ( e  9000); Y K B ~  8.8,g.O (ether), and 10.3 p 
(side-chain double bond)'l; T 4.8 (2H, side-chain olefinic protons) 
and 4.6 ( l H ,  C-7 proton). Repeated recrystallization or chro- 
matography over alumina resulted in partial hydrolysis to 
the corresponding alcohol. For analytical purposes the acetate 
was prepared as follows. The ether (1 g.), 95y0 ethanol (80 ml.), 
and concentrated hydrochloric acid (0.2 ml.) were heated on the 
steam bath until solution was complete. Cooling to room tem- 
perature deposited feathery needles of an alcohol (0.3 g.); m.p. 
158-159", XEtoH 218 mp ( e  9000), V K B ~  2.8 p (hydroxyl) and no 
ether bands at  8.8 and 9.0 p.  The filtrate was diluted with 
water to give an additional 0.5 g. of the alcohol. The alcohol 
(0.7 g.), pyridine (30 ml.), and acetic anhydride (15 ml.) were 
mixed and kept a t  room temperature for 15 hr. The reaction 
mixture was poured over ice and the precipitate was filtered and 
recrystallized from acetone to give silky needles of the acetate 
of 2a (0.6 g.); m.p. (analytical sample) 169-170', CYD +lo", 
Xcy~'ohexane 218 mp ( e  9000), V K B ~  5.75 p (acetate), T 4.8 (2H, side- 
chain double-bond protons) and 4.6 ( l H ,  C-7 proton). 

Anal. Calcd. for C31H4BBr202 (610.51): C, 60.98; H, 7.59; 
Br,26.18. Found: C, 60.91; H ,  7.51; Br, 26.33. 
5~,6a-Dichloromethylene-A7~22-ergostadien-3p-ol Acetate. A.  

-Use of chloroform (10 g.) in place of bromoform in the above 
experiment resulted in 4.5 g. of needles, m.p. 155-160", QD 

+11"; all spectral properties corresponded to those of the di- 
bromomethylene adduct 2a ( R  = tetrahydropyranyl). Hydrol- 
ysis of the ether to the alcohol, m.p. 182-183", and acetylation 
gave needles (from acetone); m.p. 155-157', QD +go. 

Anal. Calcd. for C31H4&1202 (521.59): C, 71.36; H ,  8.89; 
C1, 13.59. Found: C, 71.26; H,  8.80; CI, 13.45. 

B.-Ergosteryl acetate ( 5  g.), sodium trichloroacetate (20 g.), 
tetrachloroethylene (20 ml.), and diglyme (5 ml.) were refluxed 
until all the sodium trichloroacetate lumps were decomposed to 
finely divided sodium chloride. 23 The brown reaction mixture 
was steam distilled to remove tetrachloroethylene. The remain- 

taken in alcohols or in cyclohexane on a Cary recording spectrophotometer 
Model 11M. N.m.r. spectra were taken on a Varian A-60 instrument. 
Concentrations of 1@15% in deuteriochloroform or carbon tetrachloride 
were used. Positions of peaks are relative to tetramethylsilane at  T 10.0. 
Optical rotations were measured in chloroform solutions at  concentrations of 
1 . 5 4 %  in a I-dm. tube. Chromatograms were conducted on Woelm 
neutral alumina. Analyses -.ere carried out by Dr. S. N. Nagy at  the 
Massachusetts Institute of Technology. 

(42) See ref. 37, p. 119. 

ing semisolid was extracted with diethyl ether. Drying and 
evaporation of the ether afforded a product which, when washed 
with ethyl acetate and filtered, gave crystalline solid (1.5 9.) 
identical with the acetate obtained in A.  
5a,6~-Methylene-A-~,~~-ergostadien-3p-ol Acetate (3a, R = Ac) . 

-Dibromomethylene adduct 2a ( R  = H, 513 mg.), absolute 
ethanol (50 ml.), potassium hydroxide (0.5 g. in 1 ml. of distilled 
water), and 1 teaspoonful of W-2 Raney nickel slurry43 were stirred 
under hydrogen at  atmospheric pressure and room temperature 
for 24 hr. The catalyst was filtered off and the filtrate was 
diluted with water and extracted with diethyl ether. Evapora- 
tion of the dried ether extracts gave a halogen-containing solid 
which was acetylated. Repeated chromatography of the 
acetate mixt'ure (m.p. 185-195') gave two fractions, 130 mg. 
of unreacted 2a (R = Ac) and a halogen-free fraction of flaky 
crystals (200 mg.); m.p. 200-202" (from acetone), CYD -155', 
Xc"c'aheliane 227 mp ( e  6000), T 8.0 (3H, acetate methyl), 4.8 (2H, 
side-chain olefinic protons), and 4.6 ( l H ,  C-7 proton). 

Anal. Calcd. for C31H,~02 (452.69): C, 82.24; H,  10.68. 
Found: C, 81.93; H,  10.59. 

5~,6a-Methylene-A~(~~)-ergosten-3p-ol Acetate.-Hydrogena- 
tion of 3a (R = Ac, 218 mg.) over palladium on carbon (loyo, 
105 mg.) in ethyl acetate (50 ml.) a t  room temperature and 
atmospheric pressure for 24 hr. resulted in saturation of the side- 
chain double bond and migration of the 7,8 double bond to  the 
8,14 position. Recrystallization of the product from acetone 
gave flakes (150 mg.), m.p. 15&152", no ultraviolet maximum 
above 210 mp, T 9.7 (cyclopropyl methylene protons), no n.m.r. 
signal for olefinic protons. The product gave positive tetranitro- 
methane and Tortelli-JaffC color tests. 

5a,6a-Methylene-A8(14)~22-ergostadien-3p-ol Acetate.-Passage 
of dry hydrogen chloride through a chloroform solution of 3a ( R  
= Ac, 0.4 g. in 40 ml.) a t  room temperature for 2 hr. produced a 
deep violet color. The solution was poured onto ice-rold satu- 
rated sodium bicarbonate solution and extracted with chloroform, 
and the solvent was evaporated. The product, a semisolid (0.4 
g.), showed in the ultraviolet spectrum a weak absorption around 
250 mp and gave a positive halogen test. Repeated chroma- 
tography and recrystallizations from acetone-met,hanol afforded 
halogen-free flakes (0.25 g.); m.p. 155-157", no ultraviolet 
maximum above 210 mp, T 4.8 (2H, side-chain olefinic protons) 
and a complex absorption around T 9.7 (cyclopropyl methylene 
protons). The product gave positive tetranitromethane and 
Tortelli-JaffB tests. 

Anal. Calcd. for C31H4802 (452.69): C, 82.24; H ,  10.68. 
Found: C, 82.25; H,  10.68. 

Noncatalytic Dehalogenation of 5~,6a-Dihalomethylene Ad- 
ducts. A.  With Lithium Aluminum Hydride. A solution of 
the dibromo adduct 2a ( R  = CsHaO, 2.5 g.) in anhydrous diethyl 
ether (250 ml.) was magnetically stirred with powdered lithium 
aluminum hydride (2 9 , )  for 2 days. Excess LiAIH, was cau- 
tiously destroyed with 5% aqueous sodium hydroxide. The 
coagulated white solid was filtered off and the ether filtrate was 
evaporated. Hydrolysis of the resulting adducts to the alcohols 
and acetylation gave a halogen-free product (1.6 g.), m.p. 110- 
120". Chromatography over alumina gave, in the early frac- 
tions, 5~,8a-methylene-A~~~~-ergostadien-3p-o1 acetate (9a); 1.4 
g., m.p. 129-130" (from acetone-methanol), no ultraviolet 
maximum above 210 mp, T 4.8 (2H, side-chain olefinic protons) 
and a quartet around T 4 (2H, 6,7 double bond protons). 

Anal. Calcd. for C31H4802 (452.69): C, 82.24; H ,  10.68. 
Found: C, 82.08; H ,  10.51. 

Later chromatographic fractions contained 5~,6~-methylene- 
A7,22-ergostadien-3p-ol acetate (Ja, R = Ac).  

Treatment of a solution of the 5a ,6~-dichloromethylene adduct 
of ergosteryl tetrahydropyranyl ether (1 9.) in anhydrous diethyl 
ether (100 ml.) with LiAIH, (1 g . )  for 2 days gave a halogen- 
containing product. Repeated chromatography of the acetate 
afforded the 5a,6a-methylene adduct 3a (0.2 9.) and halogen- 
containing fractions. However, when the dichloro adduct (1 
8.) in dry tetrahydrofuran was refluxed with LiAIHa for 2 days, 
a product which gave a faint halogen test (sodium fusion) was 
obtained. Repeated chromatography of the acetate gave equal 
amounts of 5 a , 6 ~ -  and 5~,8a-methylene adducts (ca. 0.2 g. each). 

Reduction of 5~~,6~~-dibromomethylene adduct (1 g.) with 
lithium aluminum deuteride (1  g., hletal Hydrides) in anhydrous 
ether as described above gave the 5,s-dideuteriomethylene 

(43) R. Mozingo. "Organic Syntheses," Call. Vol. 111, John Wiley and 
Sone, Inc., New York, N. Y.. 1955, p. 181. 
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adduct (0.5 g.); m.p. 129-130", T 4.8 (2H, side-chain olefinic 
protons) and a quartet around T 4 (2H, 6,7 double bond protons). 

With Lithium in &Butyl Alcohol-Tetrahydrofuran.-To a 
mechanically stirred solution of the dibromomethylene adduct 
2a (R = CjH90, 2.8 g.) in dry tetrahydrofuran (50 ml.) were 
added lithium flakes in portions (total of 3 g. over a period of 6 
hr.) and t-butyl alcohol (50 ml., distilled over potassium) drop- 
wise. At the end of the reaction period, the mixture was poured 
over ice and the resulting precipitate was filtered. The product 
(2.0 9.) gave a negative halogen test. Hydrolysis, acetylation, 
and initial recrystallization from ethyl acetate-methanol afforded 
1.52 g. of flakes, m.p. 195197". Repeated chromatography 
gave the 5a,6a-methylene adduct 3a (R = Ac), m.p. 200- 
202". 

Slow evaporation of the mother liquor from the initial recrystal- 
lization of the acetate left 0.16 g. of long needles, m.p. 120-124'. 
Recrystallization from acetonemethanol afforded an analytical 
sample of the 5~~,&-methylene adduct Pa (R = Ac), m.p. 129- 
130". 

C. With Sodium in Liquid Ammonia.-A solution of the 5,6- 
dibromomethylene adduct 2a (R  = CaH90, 2.8 9.) in dry diethyl 
ether (150 ml.) was added to a magnetically stirred and Dry 
Ice cooled solution of sodium (2.9 g , )  in anhydrous liquid am- 
monia (200 ml.). After 6 hr., the blue color was discharged by 
the addition of solid ammonium chloride, and the ammonia was 
allowed to evaporate. Extraction of the product with ether and 
evaporation of the ether afforded a halogen-free solid which was 
hydrolyzed and acetylated. The acetate was separated, as 
previously described, into 5a,6~~-methylene adduct 3a (1.75 9.) 
and 5a,8a-methylene adduct 9a (0.17 g.). 

Catalytic Hydrogenation of 5a,&~-Methylene Adduct Pa (R = 
Ac).-A solution of the title compound (0.5 9.) in ethyl acetate 
(30 ml.) was stirred with platinum oxide (100 mg.) under hy- 
drogen at  room temperature and atmospheric pressure for 12 hr. 
Filtration of the catalyst and evaporation of the solvent gave a 
solid (0.5 g.), m.p. 99-100' (from methanol); the n.m.r. spec- 
trum showed no olefinic proton absorptions. 

Anal. Calcd. for C31Hb202 (456.73): C, 81.52; H,  11.48. 
Found: C, 81.21; H,  11.51. 

Conversion of S~,Sa-Methylene-22,23-dihydride 10 to Dike- 
tones 13 and 14.-A solution of 5~,6~~-dibromomethylene 2a ( R  
= CsHgO, 2 9.) in ethyl acetate (250 ml.) w&s shaken with 10% 
platinum on carbon under hydrogen (30 p.s.i.) a t  room tempera- 
ture for 10 hr. Filtration of the catalyst and evaporation of the 
solvent left solid 10 (2 g.); Xc~c'ohexane 218 mp ( e  9000), T 4.6 ( l H ,  
C-7 proton) and no other olefinic absorptions in the n.m.r. 
spectrum. Hydrolysis to the alcohol and acetylation gave the 
corresponding acetate, m.p. 150-151 ' (from acetone-methanol). 

Anal. Calcd. for C31HdsBr202 (612.52): C, 60.13; H ,  7.89; 
Br, 26.09. Found: C, 60.16; H ,  7.83; Br, 26.16. 

The hydrogenation product 10 (1 9.) was treated with lithium 
aluminum hydride as previously described. Hydrolysis to the 
alcohol 11 and acetylation gave 0.6 g. of acetate; m.p. 124125' 
(from acetone-methanol), T 4 (2H, 6,7 double bond protons), no 
ultraviolet maximum above 210 mp. 

Anal. Calcd. for C31H5002 (454.71): C, 81.88; H ,  11.08. 
Found: C, 81.73; H ,  10.99. 

The alcohol (0.5 9 . )  was treated with monoperphthalic acidd4 
in ether for 15 hr. The ethereal solution was washed with sodium 
hydroxide, dried, and evaporated. The epoxide (0.4 g.), acetate 
m.p. 138-139' (methanol), showed in the n.m.r. spectrum two 
doublets a t  T 5.25 and 6.8 (epoxide protons). 

Anal. Calcd. for C31Hj@a (470.71): C, 79.10; H ,  10.70. 
Found: C, 78.96; H,  10.66. 

Treatment of the epoxide 12 (0.35 9.) with lithium aluminum 
hydride (0.2 g.) and oxidation of the resulting diols with 8 N 
chromic acid46 46  (added dropwise to a solution of the alcohols in 
redistilled acetone) afforded a mixture of diketones 13 and 14 
(0.2 g.): PUJo' 5.65, 5.70, 5.80, and 5.85 p .  Repeated chroma- 
tography gave in the early fractions a solid (0.1 g.); m.p. 1 7 6  
178" (from aqueous methanol), Y ' ' ~ * ~ '  5.70 and 5.80 p. 

Anal. Calcd. for C2gHd602 (426.66): C, 81.66; H,  10.82. 
Found: C, 81.77; H,  10.76. 

Later chromatographic fractions gave a glassy product (ca. 50 
mg.) which showed infrared bands a t  5.65 and 5.85 p .  

B. 

(44 )  G. B. Payne. Ore. Sun., 44, 77 (1962). 
(45) R. G. Curtis, I. Heilbron, E. R. H. Jones, and G. F. Woods, J .  Chem. 

(46) L. H. Briggs, R. C. Cambie. and P. S. Rutledge, i b i d . ,  5379 (1963). 
S o c . .  461 (1953). 

Conversion of the 5a,Sa-Methylene Adduct to ?-Lactone 16.- 
Ozone was passed through a solution of adduct 15 (0.5 g.) in n- 
hexane (30 ml.) a t  0" for 1 hr. The solution was concentrated 
under reduced pressure to about 5 ml., distilled water (50 ml.) 
was added, and the mixture was heated on the steam bath with 
30% hydrogen peroxide (10 ml.) for 1 hr. The insoluble gummy 
product was dissolved in ether and extracted with 5% sodium 
hydroxide. The residue, after evaporation of the ether, was 
treated again with hydrogen peroxide and extracted with sodium 
hydroxide. The combined alkaline extracts were acidified with 
hydrochloric acid and ether extracted. Evaporation of the 
ether left an oily residue which was dissolved in methanol (50 ml.) 
and refluxed with hydrochloric acid (0.3 ml.) for 30 min. The 
volume of the solution was reduced to 10 ml. and water was added. 
The separated oil was extracted with ether and the residue, 
after evaporation of the ether, was esterified with diazomethane 
and chromatographed over alumina (grade 11). The infrared 
spectra of the majority of fractions (oils) showed two bands in 
the carbonyl region: 5.65 (y-lactone) and 5.75 p (methyl ester). 
All fractions that showed the two carbonyl bands were combined 
and rechromatographed but no solids were obtained upon re- 
peated chromatography; estimated lactone content, 150 mg. 
One fraction was dissolved in sodium hydroxide (575) on the steam 
bath, cooled, covered with ether, and acidified with cold sulfuric 
acid (10%). The product, extracted with ether, lacked a y -  
lactone band in the infrared spectrum. Treatment of this acidic 
product with a few drops of hydrochloric acid in methanol 
regenerated the lactone, as shown by its infrared spectrum. 

Experiments with A6 7-Cholestadien-7-d-3p-ol.-The title com- 
pound was prepared by following procedures for the preparation 
of 7-dehydrocholesterol~Z 2a with the exception of using lithium 
aluminum deuteride in place of lithium aluminum hydride. 
Starting with 35 g. of cholesterol only 3.5 g. of the diene were 
obtained; m.p. 146-148"; XEtoH 293, 282 ( e  11,500), 272, 
and 265 mp. Treatment of the diene with dihydropyran and 
phosphorus oxychloride as previously described for the prepara- 
tion of ergosteryl tetrahydropyranyl ether and chromatography 
of the product gave 2 g. of the corresponding tetrahydropyranyl 
ether; T 6.4 (3H), 5.2 ( lH),  4.6 ( l H ,  C-6 proton). 

The ether (2 g.), n-pentane (50 ml.), potassium t-butoxide (3 
g.), and bromoform (2 ml. in 10 ml. of n-pentane) on reaction 
gave a noncrystalline bromine-containing product. Purification 
through chromatography gave oily fractions the n.m.r. spectra of 
which showed no olefinic protons; the ultraviolet spectrum had a 
band at  218 mp. 

A 0.8-g. portion of the bromine-containing product was treated 
with lithium aluminum hydride (1 g.) as previously described for 
the preparation of Pa. Chromatography of the acetate gave a 
solid (150 mg.); m.p. 95-96' (from acetone-methanol), no ultra- 
violet maximum above 210 mp, a singlet a t  7 4 ( l H ,  C-6 proton). 

Anal. Calcd. for C ~ O H ~ ~ D O Z  (441.69): C, 81.57; H plus D,  
11.18. Found: C,81.57; H ,  11.12. 

Another portion (0.3 g.) of the bromine-containing oil was dis- 
solved in dry ether (10 ml.) and added to a stirred solution of 
sodium (0.5 9.) in liquid ammonia (150 ml.) a t  Dry Ice tempera- 
ture. The product, after the usual work-up, was a halogen-free 
oil which showed no olefinic protons in the n.m.r. spectrum, 
and had an ultraviolet band a t  227 mp. 

A2.4-Cholestadiene. A.  From Dehydration of Cholesterol.- 
Cholesterol (60 9.) was dehydrated over alumina according to the 
procedure of Skau and Bergrnan.Ie Distillation of the reaction 
mixture afforded 30 g. of product; m.p. 58-61', QD +80". 
Recrystallization from diethyl ether a t  0' gave A2.4-cholestadiene 
(20 g.); m.p. 60-92", LYD +125", Xc~clohexsne 265 and 274 mp. 

From Cholestanone.27-Commercial cholesterol was puri- 
fied through the dibromide47 and hydrogenated to cholestanol 
according to the procedure of H e r ~ h b e r g . ~ ~  Cholestanol was 
then oxidized to ch~lestanone,'~ m.p. 13C-131". Dibromination 
of cholestanone with bromine in acetic acid gave 2~~,4~~-dibromo- 
cholestanone," m.p. 190-193". 

A solution of 30 g. of 2~~,4~~-dibromocholestanone and 30 g. of 
sodium iodide in 700 ml. of acetone was refluxed for 24 hr. The 
precipitate was filtered off and the color in the filtrate was dis- 

B. 

(47) L. F. Fieser, "Experiments in Organic Chemistry," 3rd. Ed., D.  c .  

(48) E. B. Hershberg, E. Oliveto, M. Rubin, €1. Staeudle, and L. Kublen, 

(49) W. F. Bruce, "Organic Syntheses," Coli. Vol. 11, John Wiley and 

(50) A.  L. Wilds and C. Djerassi, J .  Am. Chem. Soc.,  68, 1712 (1946). 

Heath and Co., Boston, Mass., 1955, p. 68. 

J .  Am. Chem. Soc.. 1 9 ,  1144 (1951). 

Sons, Inc. ,  New York. N. Y . ,  1943, p. 139, 
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charged by the addition of sodium thiosulfate solution. An oil 
separated upon addition of ice-water to the acetone solution. 
Cooling in the refrigerator for several hours caused solidification 
of the oil. The solid was collected and dissolved in dioxane (350 
ml.). Sodium borohydride solution (35 g. in 30 ml. of water) 
was added and the mixture was stirred at  5-15' for 24 hr. A 
solid separated upon addition of water and was collected and 
left to dry; yield, 20 g. of iodohydrin. 

The iodohydrin (20 g.), zinc-copper couples1 (65 g.), sodium 
acetate (30 g.), and glacial acetic acid (500 ml.) were mixed and 
stirred at  15-20' for 8 hr. The solids were filtered and washed 
with n-hexane, and the filtrate and washings were neutralized 
with sodium carbonate. The hexane solution was then dried and 
evaporated, and the solid was chromatographed over alumina 
(grade I ) .  The chromatographic fractions contained 2.5 g. of 
A2e4-cholestadiene; m.p. 64-66", CUD +145', XcYclohexsne 265 ( e  
6500) and 274 mp. 

Reaction of A2,4-Cholestadiene with Diha1ocarbenes.-Genera- 
tion of dibromocarbene as usual in the presence of A2,4-cholesta- 
diene (10 g.) afforded an oil; Xcyolohexane no bands above 210 mp, 
vnest 13.4 and 13.9 p, 7 4.7 ( IH,  C-4 proton). Repeated chroma- 
tography gave in the early fractions an amorphous solid (8 g.); 
m.p. 109-110', CUD +117", GBr 13.4 p.  

Anal. Calcd. for CzsH14Brr (540.46): C, 62.22; H, 8.20; 
Br, 29.57. Found: C, 62.17; H ,  8.07; Br, 29.53. 

Repeated chromatography of the later fractions gave a crystal- 
line solid (60 mg.), m.p. 113' (from ethyl acetate-methanol). 
The n.m.r. spectrum had complex absorption a t  7 3.2-4, ho~clohexane 
283 mp ( e  3500). 

Anal. Calcd. for CnsHaaBr (459.5): Br, 17.5. Found: Br, 
17.80. 

Reaction of A2,4-cholestadiene with dichlorocarbene gave after 
chromatography a solid, m.p. 9C-93", CUD +115", the spectral 
properties of which corresponded to those of the dibromo adduct. 

Dehalogenations of Adducts of ~i~,~-Cholestadiene.-The pre- 
viously described procedures of dehalogenation were applied to 
the dibromo and dichloro adducts of A2.4-cholestadiene. In all 
cases the products were halogen-containing mixtures. Chroma- 
tography over alumina (grade I )  separated the mixtures into 
two components. Yields were variable and depended on the 
length of time of the reaction. The halogen-free component was 
eluted first. 

2~~,3~~-Methylene-A~-cholestene (4b) had m.p. 118-119', 
no ultraviolet maximum above 210 mp, T 4.6 (C-4 proton) and 
10.1 (cyclopropyl methylene protons). 

Anal. Calcd. for CZSH46 (382.65): C, 87.88; H, 12.12. 
Found: C, 87.84; H,  12.01. 

2~~,3~~-Monobromomethylene-A~-cholestene had rn .p. 1 3 4  
135', CUD +207', 7 4.6 ( l H ,  C-4 proton) and 6.6 ( lH,  CHBr). 

Anal. Calcd. for Cz8HtsBr (461.56): C, 72.86; H,  9 83; 
Br, 17.31. Found: C,72.92; H,9.76; Br, 17.18. 

(51) D. H. R. Barton and P. T. Gilham, J .  Chsm. Soc., 4598 (1860). 

2~~,3~~-Monochloromethylene-A~-cholestene had m.p. 142- 
143', CUD +217", T 4.6 and 6.6. 

Anal. Calcd. for C28H45Cl (415.1): C, 80.62; H,  10.88; 
C1, 8.50. Found: C, 80.40; H, 10.98; C1, 8.34. 

A3 5-Cholestadiene .-Pyridinium cholesteryl sulfate,62 prepared 
by the action of pyridine sulfur tri0xide6~ on cholesterol, was 
converted to the potassium salt. To a refluxing solution of 
sodium capryloxide in capryl alcohol, prepared by dissolving 
sodium (3 g.) in capryl alcohol (700 ml., dried and distilled over 
anhydrous potassium carbonate), was added 18 g. of potassium 
cholesteryl sulfate. The mixture was refluxed for 2 hr. and the 
carpyl alcohol was removed by prolonged steam distillation. 
Upon cooling, the residual oil set to a solid mass which was fil- 
tered and washed with 95% ethanol. The yield of crude A3,6- 
cholestadieneZ9 was 11 g. Crystallization from ethyl acetate- 
methanol gave 9 g. of the diene; m.p. 77-79', CUD -122". 

3~~,4~~-Dihalomethylene Adducts and Their Dehalogenation 
Products.-Addition of dibromocarbene as previously described 
gave 3~~,4a-dibromomethylene-A~-cholestene (5a); m.p. 148- 
149', CUD -29", T 4.7 ( l H ,  C-5 proton). 

Anal. Calcd. for Cz~H44Brz (540.46): C, 62.22; H ,  8.20; 
Br, 29.57. Found: C, 62.64; H ,  8.22; Br, 29.69. 

Dichlorocarbene and A3 6-cholestadiene gave 3~~,4cu-dichloro- 
methylene-As-cholestene; m.p. 143-144', CUD -37", T 4.7 
( lH,  C-5 proton). 

Anal. Calcd. for C28H44C12 (451.5): C, 74.47; H,  9.82; 
C1, 15.70. Found: C, 74.29; H,9.74; C1, 15.63. 

Treatment of the dibromomethylene adduct 5a with sodium in 
liquid ammonia or with lithium aluminum hydride gave 3 ~ ~ , 4 a -  
methylene-A6-cholestene (5b); m.p. 10&109', CUD -29", 
7 4.8 ( l H ,  C-5 proton) and 9.9 (2H, cyclopropyl methylene 
protons). 

And.  Calcd. for C28H46 (382.65): C, 87.88; H, 12.12. 
Found: C, 87.75; H,  12.15. 

Dehalogenation of the dichloro adduct with sodium in liquid 
ammonia or lithium aluminum hydride gave a mixture separable 
by chromatography into 5b and 3~~,4~~-monochloromethvlene- - - .  
As-cholestene; m.p. 131-132', T 4.78 ( l H ,  C-5 proton) and 6.7 
( l H ,  CHC1). . .  

Anal. Calcd. for CZ8H&1 (415.1): C, 80.62; H,  10.88; C1, 
8.50. Found: C, 80.75; H,  10.80; C1, 8.40. 
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